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The properties of soil in Kirkuk city (IRAQ) are studied using gamma and neutron radiation.
Ten locations are selected for the process of making field measurements on soils at 40
e50 cm depth levels then the samples were collected to be studied in the laboratory also. In
the field, we measured the density and moisture contents of soils. The laboratory mea-
surement has been performed to obtain mass attenuation coefficients, using gamma
spectrometer contains shielded NaI (Tl) detector at the energies of 59.5, 356.5, 662, 1173 and
1332 keV. The obtained results were presented and discussed. The study has practical
importance to know the nature of the soil in the oil and agricultural city Kirkuk.
Copyright © 2016, The Egyptian Society of Radiation Sciences and Applications. Production
and hosting by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
The word “soil” has a variety of different meanings depending
upon its relevance to the society. Farmers consider it as the part
of the earth's surface containing decayed and organic material
in sufficient quantity to grow plants and crops. Geologists take
it as the residual (left over) material from underlying parent
rock that supports root growth. To the engineer, soils include
all earth materials overlying the rock crust and contain parti-
cles of minerals, gasses, and liquids (IAEA, 2004).
Soils are complexmixtures ofminerals, organic compounds
and contain pore spaces filled with water. Soil has chemical
properties as on its compositions like C, K, S, P, Ca, Mg, Na, etc.
The terms sand, silt, and clay refer to relative sizes of the soil
particles. Sand, being the larger size of particles, feels gritty.
Silt, being moderate in size, has a smooth or floury texture.
Clay, being the smaller size of particles, feels sticky (Tan, 2010).q, alitaqibayati@yahoo.co
gyptian Society of Radiat
iety of Radiation Sciences
icense (http://creativecomPhysical effects of a gamma-ray beam passing through
matter as a basis for soil density, moisture, porosity and field
capacity determination were discussed in several studies.
Gamma-ray transmission method applied for study the
properties of soil (Appoloni& Pottker, 2004; Arouca, Barrozo,&
Damasceno, 2005; Baytas & Akbal, 2002; De Groot, van der
Graaf, de Meijer, & Maucec, 2009; Demir, U¨n, €Ozgu¨l, & Sahin,
2008; Elias, 2004; Maucec and Denijs, 2009; Medhat, 2012;
Naime, Vaz, & Macedo, 2001; Okunade, Adebe, Jonah, &
Oladipo, 2008; Oliveira et al., 1998, 2010; Pires, Bacchi, &
Reichardt, 2005; Pires, Rosa, Pereira, Arthur, & Bacchi, 2009;
Vaz, Naime, & Macedo, 1999). Other researchers such as
(Akbal, 1999; Akbal & Baytas, 2000; Alam et al., 2001; Appoloni
& Rios, 1994; Bhandal & Singh, 1993; Chaudhari & Raje, 2012;
David, 2013; Kitto, 1990; Kumar, Venkataratnam, & Reddy,
1996; Mudahar, Mod, & Singh, 1991; Raje & Chaudhari, 2010;
Vaz, 2003) are calculated the mass attenuation coefficients
for different soil samples.m (A.H. Taqi).
ion Sciences and Applications.
andApplications. Production and hosting by Elsevier B.V. This is an
mons.org/licenses/by-nc-nd/4.0/).
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thermalization or slowing down of neutron radiation. It is
predominately a function of the hydrogen contents of mate-
rial and to a lesser degree, by other low atomic number ele-
ments such as carbon an oxygen (IAEA, 2001, 2008; Jackson,
2004; Visvalingam & Tandy, 1972).
Here we studied the properties of soil in Kirkuk city (IRAQ)
using gamma and neutron radiation. Mass attenuation coef-
ficient, dry andwet densities, andmoisture are determined for
ten locations. At each locations, first, field measurements on
soils at 40e50 cm depth levels has been achieved to measure
the density and moisture contents of soils using moisture-
density gauge. Then, soil samples of appropriate volume are
collected at each location spot to be studied in the laboratory.
The laboratory measurement has been performed using
gamma spectrometer contains shielded NaI (Tl) detector at
the energies of 59.5, 356.5, 662, 1173 and 1332 keV. The ob-
tained results were presented and discussed.2. Theory
2.1. Gamma radiation
In the transmission of gamma rays between a source and
detector, a proportion of these rays will be absorbed and
scattered in accordance with the density of the material be-
tween the source and detector. As the density of this material
increases, the number of gamma rays absorbed and scattered
also increases and the number reaching the detector de-
creases. The exponential absorption that characterizes the
passage ofmonochromatic electromagnetic radiation through
a homogenous material is given by the BeereLambert Law
(Davisson, 1965) as:
I ¼ I0emx (1)
where I0 is the initial radiation intensity, x(cm) is the sample
thickness. The linear attenuation coefficient (m) of thematerial
is an intrinsic property of eachmaterial. Themass attenuation
coefficient (mm) of the material is given by:Fig. 1 e Map of the investigated area shows the locatimm ¼ m=r (2)
where r is density. Equation (1) may then be expressed using
the mass attenuation coefficient and the density of the ma-
terial, and by taking the natural logarithm of both sides,
lnðIÞ ¼ lnðI0Þ  mmxm (3)
which is also in the form of an equation for a straight line,
y ¼ a þ bx, where y ¼ ln(I), ln(I0) ¼ a, b ¼ mm and xm (g cm2) is
the sample thickness.2.2. Neutron radiation
When fast neutrons with energy of a million electron volts or
more, are injected into the soil from a suitable radioactive
source, they are slowed by repeated collision with nuclei of
atoms and eventually become thermalized. The average en-
ergy loss is much greater in neutron collisions with atoms of
low atomic weight in ordinary soils in appreciable amounts,
hydrogen slows fast neutrons more effectively than any other
common elements present in the soil. However, if a neutron
strikes hydrogen nucleus, its energy is halved, on average,
because the mass of the hydrogen nucleus is the same as that
of the neutron. On average, 19 collisions with hydrogen are
required to thermalize a neutron. Carbon, nitrogen and oxy-
gen are also relatively efficient as neutron thermalizers (about
120, 140 and 150 collisions, respectively). Hydrogen in the soil
is present almost entirely in the form of water and hence the
density of the resultant cloud of slow neurons (100 eV or less)
is a function of the soil moisture contents (IAEA, 2008;
Visvalingam & Tandy, 1972).
A relationship can then be established between the
detected slow neutron radiation and the moisture content of
the material. This relationship is commonly expressed in the
following form:
MCR ¼ Eþ FM (4)
where MCR is moisture count ratio, M is moisture content, F
and E are calibration constants. Two moisture standards areon of the selected samples for the present study.
Fig. 2 e Experimental setup for measuring gamma
attenuation coefficients.
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obtain and the other must have a known amount of water or
contain hydrogen which can be related to water.Table 1 e Some chemical components of investigated soil sam
Soil sample Chem
Fe Ca P Mg
KS1 3.79 7.98 0.064 2.65
KS2 2.3 11.64 0.044 1.48
KS3 2.93 12.85 0.052 1.87
KS4 2.27 11.1 0.043 1.71
KS5 2.73 13.5 0.078 1.82
KS6 2.45 13.85 0.047 1.53
KS7 2.79 12.69 0.128 1.87
KS8 2.92 12.91 0.057 1.86
KS9 2.42 12.74 0.045 1.46
KS10 3.18 9.87 0.057 1.95
Table 2 e Some chemical components of investigated soil sam
Soil sample Chem
Mo Cu Pb Zn
KS1 0.44 21 10.72 90.9
KS2 0.63 15.48 9.74 56.4
KS3 0.55 28.95 10.46 61.4
KS4 0.15 15.6 7.45 48.1
KS5 0.51 28.88 9.91 62.9
KS6 0.29 22.61 8.79 51.3
KS7 0.37 32.31 16.38 72
KS8 0.41 27.78 10.18 63
KS9 0.38 21.13 8.18 50.2
KS10 0.26 31.48 11.96 72.33. Experimental details
3.1. Field measurements
Ten locations in Kirkuk city (IRAQ) as seen in Fig. 1 are selected
for the process of making field measurements on soils at
40e50 cm depth levels using HS-5001EZ moisture-density
gauge, this instrument uses two type of radiations to measure
the density andmoisture contents of material (User guide HS-
5001EZ). It uses the attenuation of gamma radiation due to
Compton scattering and photoelectric absorption. It is directly
related to the electron density of material as an indication of
the mass density of specific materials having a chemical
composition approximating the crust of the earth. An isotope
of 137Cs is used in this gauge to produce gamma having an
energy 662 KeV. The measurement of moisture content is
based on the thermalization of fast neutron radiation. An
isotope of americium 241Am as the source of alpha particles a
in combination with beryllium 9Be is used as the source of
neutrons. When the Be nucleus reacts with a it becomes an
isotope of carbon 12C is left at an excess energy state and
yields a 1e10 MeV neutron when it goes to the ground state.3.2. Samples preparation and analysis
The soil samples used in this study was taken from the same
ten locations of field measurements. Approximately 10 kg ofples.
ical components (%)
Ti Al Na K S
0.018 2.35 0.032 0.37 1.92
0.021 1.57 0.034 0.24 2.01
0.029 2.26 0.012 0.35 <0.02
0.042 1.34 0.009 0.1 <0.02
0.034 1.96 0.02 0.4 0.03
0.025 1.56 0.025 0.15 <0.02
0.024 1.93 0.022 0.32 0.03
0.025 2.12 0.018 0.3 0.04
0.034 1.54 0.014 0.2 0.03
0.012 2.07 0.02 0.28 <0.02
ples.
ical components (PPM)
Ni Co Mn As U
118.4 23.9 765 9.6 0.9
92.2 14.1 598 5.2 0.9
155.9 19.5 693 7.1 0.6
61.1 12.3 654 4.5 0.5
135.2 17.6 650 7 0.7
121.6 16 702 5.6 0.4
137.5 18.9 745 7 0.6
147.9 18.8 739 6.7 0.6
94.1 14 642 6.5 0.5
108.1 18.5 745 10.6 0.8
Table 3 e Some chemical components of investigated soil samples.
Soil sample Chemical components (PPM)
Th Sr Cd Sb Bi V La Cr Ba B
KS1 3.4 452.4 0.08 0.2 0.29 45 7.2 67.4 59.1 <20
KS2 3.8 1061 0.12 0.15 0.15 41 10.9 61.5 101.5 <20
KS3 2.8 276.7 0.22 0.14 0.16 59 13 93.4 100.1 <20
KS4 3 199.3 0.1 0.15 0.16 40 11.8 52.7 30.1 <20
KS5 3 318.5 0.28 0.15 0.16 55 12 83.7 133.2 <20
KS6 2.7 255.1 0.2 0.17 0.15 49 10.8 71.4 105.9 <20
KS7 0.6 2.9 302.8 0.24 0.24 0.19 50 12.1 80.9 <20
KS8 0.6 2.9 271.4 0.22 0.15 0.15 55 12.2 86.7 <20
KS9 0.5 2.5 241.1 0.2 0.2 0.13 50 10.4 65.8 <20
KS10 0.8 3.8 233.6 0.12 0.19 0.17 45 13.3 67.5 <20
Table 4 e Some chemical components of investigated soil samples.
Soil sample Chemical components
W PPM Sc PPM Tl PPM Se PPM Te PPM Ga PPM Ag PPB Au PPB Hg PPB
KS1 <0.1 6.2 0.06 0.2 0.17 5.7 4 3.2 <5
KS2 <0.1 5 0.06 0.1 0.05 4.2 11 3.2 17
KS3 <0.1 6 0.11 0.2 0.06 5.8 28 3.2 10
KS4 <0.1 4.8 0.02 0.1 0.07 4 26 0.8 18
KS5 <0.1 5.8 0.11 0.2 0.04 5.3 26 2.5 26
KS6 <0.1 4.9 0.06 <0.1 0.08 4.2 19 1.5 14
KS7 <0.1 5.1 0.08 0.4 <0.02 5.1 190 6.7 30
KS8 <0.1 5.9 0.1 0.1 0.03 5.7 28 1 6
KS9 <0.1 4.6 0.06 <0.1 <0.02 4.1 17 1 16
KS10 <0.1 6.3 0.08 <0.1 <0.02 5.4 13 0.5 15
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point. Dry and wet density was determined using proctor
compaction test. The proctor compaction test is a laboratory
method of experimentally determining the optimal moisture
content at which a given soil typewill becomemost dense and
achieve its maximum dry density (Braja, 1997; Day, 2001). The
particle size analysis (Hydrometer Method) was used to
measure the percentage of sand, silt and clay in the soil
(Bouyoucos, 1962; Braja, 1997). Inductively Coupled Plasma
Mass Spectrometry or ICP-MS is an analytical technique used
for elemental determinations. An ICP-MS combines a high-
temperature ICP (Inductively Coupled Plasma) source with aTable 5 e Physical properties of investigated soil
samples.
Soil sample Clay % Silt % Field density
g cm3
Moisture %
Dry Wet Field Lab.
KS1 36.24 65.74 1.2525 1.5086 20.4 21.9
KS2 4.33 95.67 1.7073 1.9548 14.5 16.8
KS3 26.30 73.70 0.8709 1.0871 24.8 15.9
KS4 5.72 94.28 1.4158 1.5789 11.5 10.5
KS5 30.46 69.54 1.1473 1.3669 19.1 18.2
KS6 21.73 78.27 1.1658 1.3552 16.2 11.8
KS7 21.83 78.17 1.2604 1.5089 19.7 18.7
KS8 45.15 54.85 1.3034 1.6370 25.6 17.7
KS9 13.62 86.38 1.1615 1.3040 12.3 8.9
KS10 16.15 83.85 1.3215 1.5423 16.7 12.8mass spectrometer. The ICP source converts the atoms of the
elements in the sample to ions. These ions are then separated
and detected by the mass spectrometer (Greenfield, 1994).3.3. Mass attenuation measurement
The experimental arrangement is as shown in Fig. 2. A
500 mm mesh was used to sieve the samples, and the drying
temperature was set to 110 C for 24 h to ensure that any
significantmoisturewas removed from the dry soil samples. AFig. 3 e Intensity vs. path length of the soil sample KS1 at
energy 59.5 KeV.
Fig. 4 e Intensity vs. path length of the soil sample KS1 at
energy 356.5 KeV.
Fig. 5 e Intensity vs. path length of the soil sample KS1 at
energy 662 KeV.
Fig. 6 e Intensity vs. path length of the soil sample KS1 at
energy 1173 KeV.
Fig. 7 e Intensity vs. path length of the soil sample KS1 at
energy 1332 KeV.
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height 7 cm was placed between detector and sources. The
radioactive sources used in this study are 241Am (59.5 KeV),
133Ba (356.5 KeV), 137Cs (662 KeV), 60Co (1173, 1332 keV). The
whole system was enclosed in lead shielding (5 cm lead,
0.5 cm copper, 0.5 steel) to reduce background counts. The
detector absorbs a narrow beam of gamma rays after passing
through the test column. The background of the system is
taken, then keeping empty container in between sources and
detector firstly, the number of counts Io of gamma particles for
1800 s using multichannel analyzer (MCA) was measured to
remove error due to the randomnature of radioactivity and he
background contribution has been subtracted from the total
counts. Then by inserting the soil samples in container 1 cm,
2 cm, 3 cm, etc. the number of counts I of gamma particles for
1800 s was measured for each path length.4. Result and discussion
The chemical components of soil samples are given in Tables
1e4. Table 5 gives the physical properties (percentage of clayTable 6 e Mass attenuation coefficients of the dry soil
samples at the energies of 59.5, 356.5, 662, 1173 and
1332 KeV.
Soil
sample
Mass attenuation coefficients (cm2 g1)
59.5 KeV 356.5 keV 662 keV 1173 keV 1332 keV
KS1 0.195 0.105 0.087 0.062 0.048
KS2 0.113 0.080 0.061 0.052 0.046
KS3 0.226 0.135 0.087 0.100 0.057
KS4 0.153 0.104 0.074 0.054 0.067
KS5 0.177 0.011 0.086 0.082 0.070
KS6 0.185 0.116 0.095 0.090 0.072
KS7 0.162 0.105 0.078 0.052 0.055
KS8 0.162 0.085 0.068 0.039 0.046
KS9 0.158 0.105 0.076 0.055 0.040
KS10 0.175 0.104 0.084 0.064 0.053
Fig. 8 e Mass attenuation coefficients of the investigated
dry soil samples.
Fig. 9 e Mass attenuation coefficients vs. energy of the
investigated dry soil samples.
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samples. The graphs of intensity ln(I) versus thickness of soil
sample xm ≡ rx (path length) are plotted, the slope of the ab-
sorption graph gives the experimental gamma-ray mass
attenuation coefficient of the soil samples in terms of cm2 g1.
Figs. 3e7, shows a “dry density” attenuation curve of energies
59.5, 356.5, 662, 1173 and 1332 keV for soil sample KS1. The
obtainedmass attenuation coefficients of the investigated soil
samples are given in Table 6. The mass attenuation co-
efficients decrease with increasing the energy as shown in
Fig. 8.
Fig. 9, summarize the behavior of the mass attenuation
coefficients vs. energy of the investigated dry soil samples.
This figure shows the variation in the gamma-ray massTable 7 e The average mass attenuation coefficients of investig
Country M
59.5 KeV 356.5
Iraq, Kirkuk (Present Work) 0.243 0.1
Nigeria, Zaria (Okunade et al., 2008) 0.204 e
Egypt, (Medhat, 2012) 0.300 0.0
India, (Chaudhari & Raje, 2012) e eattenuation due to the density. As density increases themass
attenuation coefficient of soil samples decreases. It is
important to have in mind that different proportions of silt
and clay will result in different soil textures. Soil texture is an
important physical property related to several dynamic
phenomena. As the soil is characterized by a broad distri-
bution of particle sizes, soils with different textures can also
attenuate the radiation in a differentmanner. For example as
shown in Fig. 9, the soils (KS2 and KS4) presented the
smallest values of mm and clayey soils (KS1 and KS3) were
characterized by the largest ones. These results are mainly
related to the Fe content.
Table 7 presents the values of the average mass attenua-
tion coefficients of the investigated soil samples compared
with those of other countries. Our results were closer to the
results of Nigerian city Zaria (Okunade et al., 2008), this may
indicate a convergence of the nature of the soil and compo-
nents with the city of Kirkuk and perhaps needs more study.
For the comparison with the values of Egypt (Medhat, 2012)
and India (Chaudhari & Raje, 2012), the values of these coun-
tries were significantly lower than that of Kirkuk city and it
seems that the soil components differ from the investigated
soil.5. Conclusion
In this study, the properties of soil in Kirkuk city (IRAQ) are
studied using gamma and neutron radiation. In the field, we
measured the density and moisture contents of the soils. The
particle size analysis (Hydrometer Method) was used to
measure the percentage of sand, silt and clay in the soil.
Inductively Coupled PlasmaMass Spectrometry (ICP-MS) is an
analytical technique used for chemical components de-
terminations. The laboratory measurement has been per-
formed to obtain the mass attenuation coefficients of the
investigated soil samples at the energies of 59.5, 356.5, 662,
1173 and 1332 keV. As density increases the mass attenuation
coefficient mm of soil samples decreases and clayey soils
characterized by the largest mm. These results are mainly
related to the Fe content. The study has practical importance
to know the nature of the soil in the oil and agricultural city
Kirkuk. Our results of average mass attenuation coefficients
were closer to the results of Nigerian city Zaria, this may
indicate a convergence of the nature of the soil and compo-
nents with the city of Kirkuk and perhaps this needs more
study. The presented paper will be part of the next set of
research results which we will try to analyze the results more
broadly.ated soil samples compared with those of other countries.
ass attenuation coefficients (cm2 g1)
KeV 662 KeV 1173 KeV 1332 KeV
35 0.113 0.092 0.079
0.084 0.078 0.079
89 0.069 0.049 0.046
0.063 0.052 0.063
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